Executive Summary
Extreme weather events pose serious challenges public transit systems. They disrupt transit operations, impair service quality, increase threats to public safety, and damage infrastructure. This report presents findings from a June 2016 national survey of public transit agencies in the United States to understand what types of extreme weather transit agencies are experiencing, what risks are associated with extreme events and how they are responding or preparing for them.
The survey collected data from approximately 900 transit professionals who work in planning, operation, maintenance, and engineering in 273 transit agencies in the U.S. Survey items captured data on recent experiences with extreme weather events, perception of weather risks to the local transit system, assessment of the agency's capacity and challenges in dealing with weather risks, and organizational responses and adaption to extreme weather events and potential climate risks. A total of 352 individuals representing 197 transit agencies responded to the survey (41% response rate) resulting in a rich and unique dataset on extreme weather and transit.
This report provides a descriptive summary and assessment of aggregate survey responses. Findings are presented in four parts: recent experience with extreme weather; perception of weather and climatic risks; assessment of organizational priority, capacity and challenge of managing extreme weather; organizational responses and adaptation to extreme weather events. Sections are summarized briefly here, while more detail is presented in the full report.
Recent experience of transit agencies with extreme weather
• Nationwide, respondents report that severe rainstorms/thunderstorms are the most frequent type of extreme weather event transit agencies recently experienced. Other frequent extreme weather include extreme cold, extreme high winds and extreme heat. Region-specific hazards -hurricanes and tides/storm surges -rank the least frequent types of extreme weather.
• Extreme snow storms are have caused the most severe impacts while flooding has the second greatest impact on transit agencies.
• The most common consequence of extreme weather to transit agencies are significant delays in transit service, followed by temporary shutdowns and damage to vehicles or equipment.
• More than half of the respondents indicated that their agencies had used re-routing or partial closures of some routes due to extreme weather. Approximately one third of all respondents indicated their agencies had closed services at some transit stations or at the system level in response to severe weather events.
Transit professionals perceptions of weather and climatic risks
• Respondents' perception of future weather risks are heavily influenced by their recent experiences with extreme weather events: severe rainstorms/thunderstorms impose the greatest risk, followed by extreme high winds, extreme heat wave, extreme snow storms and cold temperatures.
• Transit professionals in the U.S. recognize that extreme weather events are occurring more frequently and becoming more severe. They are aware of and concerned with the impacts imposed by extreme weather on transit operation and infrastructure, and they recognize need for transit agencies to prepare for extreme weather in advance.
Assessment of transit organization priority, capacity and challenges of extreme weather
• Among all types of public safety risks, extreme weather was ranked second highest, after accidents and/or collisions.
• Respondents indicated moderate-to-high level of confidence with coping with extreme weather events. Many believe their agencies possess adequate weather information, internal expertise/staff, and adequate emergency plans. They are positive about their prior efforts to cope with extreme weather events, and optimistic about their agency's capacity to respond to these events in the future.
• Access to financial resources was reported to be the greatest challenge to preparation for extreme weather.
Transit organization responses and adaptations to extreme weather events
• Overall, transit agencies are more likely to adopt generic risk-mitigating strategies (e.g., information technology, investing in back-up power supplies) so that their benefits can be maximized under various emergency situations.
o A majority of responding agencies have adopted an emergency management strategy to address extreme weather: hired professionals in charge of emergency responses; developed emergency plans; conducted safety training; and engaged in external coordination or collaboration activities.
o While numerous agencies have begun to conduct assessment of vulnerability to extreme weather risks, few have adopted ex ante risk-mitigating strategies such as asset protection and infrastructure retrofitting.
o The vast majority of transit agencies use their own websites and social media tools to communicate with transit riders during extreme weather events.
• A large majority of US transit agencies use specific protocols to coordinate responses to weather across multiple departments: emergency government agencies, local government departments, and other local transit agencies during extreme weather events.
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Introduction
Extreme weather events pose a serious challenge to public transit systems. Not only do they disrupt transit operation, impair service quality, and cause additional safety threats, but they also damage infrastructure and impose stress on the state of good repair. As demonstrated by Hurricane Sandy and other recent weather-related disasters, the weather impact on transit can have significant ramifications for regional mobility and functioning of economic systems, given increased reliance on transit systems for access to jobs and other services. How to effectively manage the risks of extreme weather is a question that constantly concerns transit managers. This issue has become increasingly urgent with the likely increase the frequency and intensity of extreme weather events, such as floods, heat waves, tropical cyclones and severe storms. While many transit agencies have long experience coping with weather disruptions, they are confronted with the new challenge of identifying and developing appropriate long-term adaptation strategies to address greater risk and uncertainty associated with extreme weather.
This report presents data from a national survey of transit agencies in the United States to better understand the extent to which public transit systems experience extreme weather and to examine how they respond to and prepare for these challenges. The survey posed a variety of questions to transit personnel in planning, operation, maintenance, and engineering asking about:
• recent experience with extreme weather events;
• impacts of extreme weather on agency operations;
• perceptions about the risks and concerns related to extreme weather;
• strategies and approaches used to manage and adapt to extreme weather risks;
• perceptions of agency capacity to address extreme weather;
• key challenges that weather disruptions create for transit agencies.
The report is presented in three main sections. Section 1 provides an introduction to the study, survey design and methodology. Section 2 presents basic characteristics of the respondents including agency characteristics and respondent demographics. Section 3 presents descriptive statistics in four parts: recent experience with extreme weather; perception of weather and climatic risks; assessment of organizational priority, capacity and challenge of managing extreme weather; organizational responses and adaptation to extreme weather events. The executive summary provide a recap of the findings.
Survey Methodology and Administration
The aim of the study was to provide the first comprehensive national-level survey of transit risks and responses related to extreme weather. As a first step, it was critical to ensure that the sample frame is representative of the national population of relevant transit agencies. From the National Transit Database (NTD) the research team selected all major fixed-route transit agencies operating bus or/and rail transit services in metropolitan areas across the United States with an annual fare revenue of at least 1 million dollars in 2013. As a result, smaller agencies which have few vehicles in operation and generally do not report their operating data to NTD are excluded from the study. The final sample frame includes 273 transit agencies.
The study recognized that the perspectives and experiences of transit agencies is not monolithic and that responses would likely vary depending upon the professional background and position of the survey participant. Therefore, the study identified managers or leaders of five major departments in each agency: operations, maintenance, service planning, strategic planning, and engineering. The study used a multimethod approach to collect individual names and contact information including publicly available online listings, telephone calls to agencies and Freedom of Information Act requests. Although not all agencies had personnel with each of the five positions, particularly the smaller agencies, the three-month process resulted in a final sample frame of 892 respondents.
As part of the survey development process, the study conducted formal interviews with individuals in planning, engineering, communications and finance from a purposive sample of four transit agencies in four different parts of the United States. Interviews were conducted primarily by telephone, but some were conducted on site visits. Interviews questions asked about experiences with extreme weather events, perceptions about future weather risks, collaboration with other agencies, organizational capacity and limitations, among other items. See Appendix 2 for the interview protocol. Overall, the interviews served to increase the research team's knowledge about how extreme weather affects transit agencies. The knowledge gained helped to further identify and articulate many of the questions in the survey instrument (see Appendix 3).
Survey development and administration occurred in three main phases: design, pre-testing and full administration. Survey design was undertaken as an iterative process, guided by both the study aims and the literature related to extreme weather, transit risk, risk management and adaptation to planning for emergencies. The survey was reviewed internally by multiple researchers at Arizona State University and University of Illinois at Chicago. Once finalized, it was coded as an online web-based survey in Sawtooth Software ® . The survey was pretested on a sample of 20 individuals selected at random from the full sample frame. The pretest aimed to identify concerns about question content, clarity, and response variability as well as survey length. The pretest identified no substantial problems and the pre-test response time of approximately 30 minutes was considered long but not excessive. Following the pretest, the full survey was administered online to the remaining sample frame. The full survey opened in April 28th, 2016 and continued through June 11, 2017. For both the pretest and the full survey, the research team sent a hard-copy notification letter to each of the respondents informing them of the survey, its aims and the reasons why they were selected. The letter requested their participation. One week after sending the hard-copy letter, respondents were invited by email to participate in the study. Each email included a link to the survey and a unique username and password. Following the initial invitation, weekly reminder emails were sent to all those who had not responded or had started but not completed the survey.
Near the end of the survey, the research team contacted non-respondents by telephone further encouraging them to participate. As required by the ASU and UIC Institutional Review Boards, all communications informed respondents of the confidentiality of their responses and the voluntary nature of the survey. Of the initial 892 individuals in the sample frame, several were removed during administration because they were either not reachable, unwilling to participate, not qualified to respond or no longer employed by the agency. During the survey replacement individuals were also identified and invited to participate. The total final effective sample size was 862.
As of June 11, 2016, we received a total of 352 responses, yielding a survey response rate of approximately 41%. Of the respondents, 297 completed the full survey (35% response rate). Of the 273 transit agencies surveyed, 197 provided at least one response (72%). Post-analysis showed no difference by size or annual fare revenue between responding agencies and nonresponding agencies. Agencies were also well distributed across the US. The analysis presented in this report includes only complete survey responses.
Agency Descriptive Findings and Respondent Demographics
This section presents descriptive findings for the responding agencies and demographics of survey respondents.
Distribution of Responding Transit Agencies by State and Region
Depending on where they are located, transit agencies are exposed to various climate profiles and face different types of extreme weather risks. They are also exposed to different political and institutional environment that may shape their organizational priority, responsibility and strategies of addressing weather and climate risks. Figure 1 displays the regional distribution of the responding agencies. The largest proportions of participating agencies are in the Pacific (24%) and South Atlantic regions (21%). Agencies from northeast and middle Atlantic account for roughly 18% and 11% of the total, respectively.
Responding Agency Characteristics
Responding transit agencies operate one or more of four types: (1) bus mass transit; (2) heavy rail (subway, elevated, or at grade); (3) light rail and commuter rail; and (4) water mass transit (e.g. ferry). Of the 197 responding agencies, the majority (74%) operate only bus services most of the remaining agencies (41) operate a combination of bus and rail or bus and water. Only 10 agencies operate exclusively rail transit services. A majority of responding agencies are independent transit authorities (64%) with the remainder are mostly operated by city government (33%). Nearly 43% of the responding agencies contract with another organization to provide either part or all of their transit services. Average total revenue of responding agencies as reported by TRD is $51.5 million; the median revenue is $4 million.
2.2
Individual Respondent Positions, Experiences and Demographics Survey respondents come from a variety of different job positions. Shown in Table 3 , the largest percentage, nearly 28 percent, work in transit operations, while around 25% are service or strategic planners, and about 17% are in maintenance. Approximately 11% are in executive leadership positions either the Chief Executive Officers or General Managers. Fewer responses were received from transit safety managers and engineers (around 5% each). Respondents have an average age of 51 they are predominantly white male (as shown in Table 5 ) 1, 2 . Nearly 81% of the respondents are men and the majority have obtained a Bachelor, Master or other graduate degree (Table 6 ). 
Substantive Findings
In this section we summarize the key findings from the national survey including: recent experiences with extreme weather events, perception of weather risks to the local transit system, assessment of the agency's capacity and challenges in dealing with weather risks, and organizational responses and adaption to extreme weather events and potential weather risks. To understand how transit agencies are affected by extreme weather, we asked respondents to assess the frequency and severity of the weather events that have occurred in their service area over the last two years. Respondents were asked the number of times extreme events had occurred on a four point scale (1=never; 2= once; 3=two to three times; 4=more than three times). Results show that severe rainstorms/thunderstorms are the most frequent type of extreme weather event experienced by U.S. transit agencies (Table 7) , followed by extreme cold, extreme high winds and extreme heat. For example, on average, transit agencies experienced two to three extreme events over the past two years. Understandably, given their geographic specificity, hurricanes and tides/storm surges were experienced least frequently.
Respondents who indicated that they had experienced at least one extreme event were asked in a subsequent question assess the severity of the event(s) in terms of adverse impact on their local area. (Scale: 1=no impact; 2=minor impact; 3=moderate impact; 4=major impact; 5=catastrophic impact). Table 8 shows that extreme snow storms are the most severe, followed by floods, hurricanes and tides/storm surges. Events that occur more frequently -extreme cold temperatures, rainstorms/thunderstorms, and extreme high winds -are ranked slightly lower. The survey asked respondents to identify on extreme weather event that had the most adverse impact on their agency during the past two years. Consistent with our findings above, more than half of the respondents identified a snow storm or a floods/heavy rainfall (Table 9) . Importantly, only 23 percent of the respondents indicated that their regions had not experienced and extreme weather event in the past two years. Referencing the extreme event identified above, the survey asked respondents to identify the types of impacts the event caused (Table 10 ). The most common consequence of the identified extreme weather was significant delays in transit service (72%), followed by temporary shutdowns (55%) and damages to vehicle or equipment (30%). Importantly, one in five respondents indicated that the extreme event resulted in complete or partial failure of transit services or systems, or damage to infrastructure or facilities. Additionally, the survey asked respondents about the actions their agencies take in response to extreme weather events (Table 11 ). More than half of the respondents indicated that their agencies had used re-routing (71%) or partial closures of some routes (59%) when extreme weather events occur in their service areas. Around 40% of the respondents close services at some transit stations or stops, but around one-third undertake system-or route-closures. Taken together, the findings presented in this section demonstrate that extreme weather is a major challenge facing U.S. transit agencies. Events are not rare, but rather commonly experienced across agencies, while impacts and actions taken indicate the costs associated with extreme weather events are substantial.
Perception of Weather and Climatic Risks
The survey asked a range of questions to understand how transit managers perceive risks related to extreme weather. The survey first asked respondents to rate the severity that different types of extreme weather events would pose for their agencies in the next ten years (Scale: 1=very low risk; 2=low risk; 3=slight risk; 4= high risk; 5=very high risk). Similar to findings on prior experience presented in 3.1, rainstorms/thunderstorms are perceived to pose the highest risk, followed by extreme high winds, extreme heat wave, extreme snow storms and cold temperatures. Respondents were also asked to indicate their level of agreement or disagreement with five statements about their agencies' perspectives on extreme weather events (1=strongly disagree; 2=disagree; 3=neither disagree or agree; 4=agree; 5=strongly agree). Responses, summarized in Table 13 indicate that extreme weather is a growing concern for many transit agencies in the United States. Over 40% of all respondents either agree or strongly agree that extreme weather is becoming more frequent, while half agree or strongly agree that concerns about impacts from extreme weather on infrastructure and operations are rising. Less than five percent believe agree or strongly agree that extreme events are becoming less severe. Transit agencies face numerous safety and security risks. Some of these risks arise from their internal operation such as misconduct of operators, others such as terrorism incidents and natural disasters, are external. To assess how transit agencies perceive the risk of extreme weather relative to other risks, the survey asked respondents to rate the level of risk associated with different safety and security issues they face (Scale: 1=very low risk, 2=low risk, 3=moderate risk, 4=high risk, 5=very high risk).
Results show that extreme weather is considered by transit managers to be an important safety issue: it is rated as the second highest, following only accidents and/or collisions (not related to operator misconduct and equipment failure). Weather-related risks are perceived to be higher than non-weather-related natural disasters such as earthquakes. Importantly, most of the listed safety and security issues are ranked "low-to-moderate" risk, although the standard deviations indicate that there is substantial variation with some agencies. Further, the survey asked respondents about their level of confidence that their agency could effectively respond to each of the different safety and security issues (Scale: 1=no confidence; 2=slight confidence; 3=moderate confidence; 4=high confidence; 5=very high confidence). Results show higher confidence that agencies can effectively respond to internal challenges than external safety threats (Table 15 ). Confidence levels were higher for operator misconduct, accidents and equipment failure, whereas ability to respond to extreme weather events is ranked fourth. In comparison, the lowest levels of confidence were associated with highly uncertain events such as terrorism, disease transmission and natural disasters.
Moving beyond perceptions about relative risk levels and confidence to address them, the survey asked respondents about their agreement or disagreement with statements regarding specific agency efforts to plan and prepare for extreme weather events (Scale: 1=strongly disagree; 2=agree; 3=neither disagree nor agree; 4=agree; 5=strongly agree). Results continue to demonstrate that agencies have relatively high confidence that they are able to address extreme weather event challenges.
Respondents believe their agencies possess adequate weather information, internal expertise and available staff, and adequate emergency plans which allow them to effectively manage different extreme weather events. They also believe that prior responses to extreme weather have been effective and that they will be able to do so in the future. Nevertheless, respondents generally agree on the need to commit resources and effort to plan for extreme weather. One important goal of this national study is to understand the key challenges faced by transit agencies in managing extreme weather risks and accordingly to provide policy remedies. The survey asked respondents to assess factors that may limit their agency's ability to prepare for extreme weather. They were provided with a list of possible factors and then asked to rate each of them in terms of its constraining influence (Scale: 1=not significant at all; 2=slightly significant; 3=moderately significant; 4=very significant; 5=extremely significant). According to Table 17 , among all possible factors respondents considered [lack of] access to financial resources to be the most important barrier to effective preparation for extreme weather. This sentiment is also consistent with findings from interviews with the selected transit agencies. Most transit agencies tight budgets and multiple competing organizational priorities, often making it difficult to focus resources on extreme weather.
Other important limiting factors include internal coordination, awareness of extreme weather risks, and public concerns about extreme weather. By contrast, respondents perceive relatively lower influence of other factors, such as agency's leadership and external political support, on their agencies' weather-related preparatory efforts. These findings suggest that most agencies believe that as professional organizations and with sufficient resources they should be able to manage the challenges associated with extreme weather.
Organizational responses and adaptation to extreme weather events
A key interest of this study is to understand how U.S. public transit agencies manage and plan for weather-related risks. Several general questions guided this part of the inquiry:
• Are agency responses to weather events reactive or are they planned?
• Do agencies develop any long-term plans or develop simple coping strategies to mitigate the risks of extreme weather events?
• What type of technologies or facilities, if any, do agencies invest in to improve their preparedness for extreme weather?
• How do transit agencies interact and collaborate with other public agencies in responding to extreme weather events?
Drawing the emergency management and climate adaptation literature, the survey included several questions concerning risk-management. Given that multiple responses were received from many agencies, this part of the report collapses the individual responses to the agency level to obtain 197 agency-level values for each question. Table 18 presents the responses to a set of questions related to emergency management strategies for response to extreme weather events. Specifically, we asked respondents whether their agencies had conducted any of the listed activities to address extreme weather over the past two years. Results show that the majority of the responding agencies have adopted most emergency management strategies for extreme weather, including hiring professionals in charge of emergency responses, developing emergency plans, conducting safety training, and engaging in external coordination/collaborative activities. By contrast about one half of all agencies have developed mutual aid agreements with other transit agencies and only one third of all agencies have conducted simulation exercises to prepare for extreme weather events. Table 19 the most common strategies taken by transit agencies include investing in back-up power supplies/equipment and information and communication technologies. These measures they are generic risk-mitigating strategies relevant to a broad range emergency situations.
While two thirds of all agencies have assessed their vulnerability to extreme weather, most transit agencies appear to manage extreme weather risks using the traditional emergency management approaches. However only a third have assessed costs related to extreme weather response and few agencies apply ex ante risk-mitigating strategies such as asset protection and infrastructure retrofitting to address extreme weather risks. Certainly, many of the actions listed in Table 19 are costly. Yet in general it is evident that the confidence respondents have in their agencies' abilities to address extreme weather are generally not based a proactive planning approach, but rather on the application of traditional emergency response methods. The survey also asked respondents to identify the types of communication channel their agencies employ to inform riders of changes or delays in services during an extreme weather event.
Responses show that the vast majority of transit agencies now use their own websites and social media to disseminate information (Table 20) . Other channels that are also commonly include radio stations, local TV, and cellphone text messages. Overall, this suggests that agencies apply a wide range of information channels to inform and communicate with their riders. For us to distribute the survey results, please enter your information below. Skip logic: if you answered no or left the previous question "Output" blank, you should not see this question. Meanwhile, if you answered yes to the lottery drawing question and filled out your information, you should not see this question either. The rationale is that you won't be asked to put in your information twice if you want to enter the drawing and the output. If you don't want either of the two, you won't be asked to provide your name and email address.
Name: __________________________ Email address: ________________________ Thank you for your interest in our study! We will use the information you provided earlier to distribute the survey result. Please click "Next" to proceed. Logic: This only shows up when you have selected "yes" to both lottery drawing and output.
Thank you for participating in this survey! Thank you for taking your time to complete this questionnaire. Your assistance in providing this information is very much appreciated.
Please click "next" to complete and exit the survey. You will see the CSTEPS webpage after click "next"
